Background: The thyroid status is evaluated by two clinical diagnostic tests which are thyroid ultrasonography and thyroid function tests. The objective of this research is to critically analyze the age and gender based variations of thyroid volume and thyroid hormone levels in the hospital based euthyroid subjects. Methodology: A total of 221 euthyroid subjects aged 1 -86 years were selected to observe the normal thyroid size by ultrasonography at Department of Radiology and the thyroid function test values (FT3, FT4 and TSH) of 2413 euthyroid subjects aged (<1)-93 years were observed at Department of Biochemistry, Tribhuvan University Teaching Hospital, Kathmandu, Nepal during January 2017 to February 2018. The observed data were analyzed graphically and statistically to check the cross-correlations among the variables. Results: The best fitted equations with significant correlation coefficients and p < 0.05 provide the empirical relations between any two of the observed variables: age, thyroid lobe volumes, FT3, FT4 and TSH. The mean ± SD (p < 0.0001) of thyroid volume, FT3, FT4 and TSH are 4.74 ± 2.30 mL, 5.46 ± 0.82 pmol/L, 14.09 ± 2.71 pmol/L and 2.30 ± 0.98 mIU/L, respectively. Conclusion: The thyroid size first increases and then decreases whereas the thyroxin level first decreases and then increases with aging. Left lobe volume is almost same for both genders and right lobe volume is higher in males. The thyroid size in menarche and menopause periods of females is larger than that of males. Such age-and gender-specific changes recommend the new reference ranges for the normal thyroid functions.
Introduction
Thyroid hormones (TH) play the important role in the development and the maintenance of homeostasis through the interactions with autonomic nervous system and the regulations of cardiovascular and metabolic functions [1] [2] .
The disorders seen in thyroid hormone regulations during embryonal and early postnatal stages can persist into adulthood also. Thyroid stimulating hormone (TSH) is an important marker to diagnose thyroid status clinically. Many studies related to the age and gender based variations of serum free thyroid hormones (TH: FT3 and FT4) and TSH have uncertainties [3] [4] [5] . As reported in [3] [5], TSH distributes in higher concentration with aging regardless the status of thyroid antibodies and the increased TSH makes impact on lipid profile influenced by age in both genders. There is log-linear relationship among FT3, FT4
and TSH based on age-and gender-specific responses [6] .
The routine assessment of thyroid status basically relies on ultrasonographic (USG) examinations and thyroid function tests (TFT) determining the serum concentrations of FT3, FT4 and TSH. More precise and accurate parameters are to be prescribed in defining a patient's thyroid status. There is a regional influence of iodine supply on establishing the reference ranges for the normal thyroid functioning [7] . Even a mild alteration in thyroid functioning causes psychiatric problem, weight gain or loss, atrial fibrillation and osteoporosis [8] . So, the thyroid clinical diagnosis seems to be historically sensitive. The biologically active life stages of females make differences in studying the working mechanism of their endocrine system. The thyroid function test report as well as thyroid size normally changes in menarche, pregnancy and menopause periods.
More critically saying that the differential genetic mechanisms are potentially associated with the thyroid function regulation in both genders. In euthyroid subjects, the TFT values lie within a narrow range suggesting a unique hypothalamus-pituitary-thyroid (HPT) axis working under the controlled way by negative feedback mechanism of thyroid cycle for each individual.
Iodine deficiency is still present in mild levels in Nepal leading to the prevalence of subclinical hypothyroidism in all age groups of both genders. The nutritional iodine intake makes changes on thyroid hormone levels in the blood stream, then on TSH production and even on thyroid size. The neonatal thyroid is sensitive to maternal iodine intake and its impact can persist lifelong. Age, gender, body mass index, living status, thinking and feeding habits, genetics, environmental factors, and non-thyroid illness and associated medications influence normal thyroid status [9] [10] . A number of earlier studies [11] [12] [13] [14] [15] have analyzed factors that affect thyroid size and they have also reported the reference intervals for the normal thyroid volume with different un- There are seasonal and diurnal as well as nocturnal variations of TH-levels even in normal thyroid conditions. The serum free T3 decreases in winter season due to the accelerating disposal of thyroid hormones in cold described as the polar T3 syndrome [16] . Without any change observed in thyroid status, about 20% variation in TSH level is found [17] . 
Materials and Methods
The thyroid USG of hospital based euthyroid subjects was performed at the De- 
Results and Discussion
The results from observed data and analysis are classified into three categories:
ultrasonographic (USG) results, thyroid function test (TFT) results and USG &
TFT cross-sectional analysis of the hospital based euthyroid subjects to explain the possible correlations among the variables such as age, thyroid lobe volumes, FT3, FT4 and TSH of males and females.
Thyroid Ultrasonographic Results
From the USG reports of euthyroid subjects having mean age 32 ± 17.18 years ranging 1 to 86 years, the mean ± SD of left lobe volume (LLV), right lobe volume (RLV) and thyroid gland volume (TGV) are 2.12 ± 1.07 mL, 2.61 ± 1.40 mL and 4.74 ± 2.30 mL, respectively with p < 0.0001. Here, RLV has been found to be greater than LLV. The results with the range of normal thyroid size are listed in Table 1 . The graph (Figure 1 
where the included errors indicate the standard errors in the related coefficients.
The volume of normal thyroid gland is greater for adults than for early pubertal and elderly which is in agreement with the results in [13] [14] [30] . However, the mean thyroid volume excluding isthmus in our study is found to be smaller for both genders than that reported by [13] [14] [30] . Seker et al. (2010) reported the mean thyroid volume as 13.00 ± 6.27 mL for the age range of 15 -78 years [30] .
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Our result for the normal thyroid size is still smaller than 6.63 ± 2.50 mL as studied by Kayastha et al. (2010) for the age range of 1-83 years [10] .
There is a linear correlation between LLV and RLV as demonstrated in Figure   1 
This means that RLV can be estimated by knowing LLV.
Taking average values (p < 0.05) for both genders from Table 2 and compared by the column plots in Figure 2( [30] . In the study of 500 healthy adults performed by Oberhofer et al.
(1989), the mean TGV of males is 14.94 mL and that of females is 12.09 mL [31] .
The main cause behind such variation of thyroid size is the demographic status of subjects under study.
In this study, the mean ± SD (p < 0. 
Thyroid Function Test Results
From the TFT reports of 1737 female and 634 male euthyroid subjects aged 1 - In the infant age (<1 years), TSH, FT3 and FT4 all are higher than in the adults. The serum free TH levels are observed to be decreased and then increased slowly in advancing from child to adult and then to elderly age for both genders ( Figure 4 ). However, TSH is the highest, i.e. 2.57 ± 0.89 pmol/L in the early childhood < 1 years and it is the lowest, i.e. Table 5 & Table 6 , we see the almost negative correlations between FT3 or FT4 and TSH along each age group of male as well as female adults. This is the fact behind negative feedback mechanism of thyroid hormones in the thyroid cycle. In many researches [22] [23] [24] , serum FT4 is observed to be low in the middle age subjects. Fontes et al. (2013) reported that TSH increases and conversely, FT4 decreases with aging [22] . In a study performed by Chaurasia et al. *The ANOVA-single factor p < 0.0001 for all of the TFT values averaged over the age groups except for FT3 = 5.67 ± 0.95 (p = 0.57) in the age group 1 -10 years. Table 6 . TFT values averaged in the different age groups of 665 male euthyroid subjects. Gujarat, India, T4 levels are found to be lower in 20 -40 years than other age groups [23] . Lipson et al. 1979 interprets that TSH has significant positive correlation and T3 has weak negative correlation with aging of the euthyroid adults [24] . The variation of TH levels with aging is associated with brain development, autonomous tissues, nutritional status, gender based biological activities and en- The age and gender based variations of TFT reports are depicted in Table 5 & Table 6 where the concentrations of the serum free TH remain almost same from 11 to 60 years in both male and female euthyroid subjects. If we draw the column plots of age dependent TH levels separately for the both genders, they follow almost same pattern as in the given Figure 4 . The pattern of change in TSH is more distinct which is 2.34 ± 1.1 mIU/L for males and 1.88 ± 0.81 mIU/L for females in the age > 71 years than in other age groups. In the infant age group < 1 years, TSH as well as T3/T4 are higher in both genders. According to Franklyn et al. (1985) , the age based changes in serum free TH are not much evident but FT3 is lower in females than in males aged 16 -29 years [36] . In the study of Sujuky et al. (2012) , FT3 or FT4 has negative correlation with aging of males, but no correlation in females, and TSH increases with aging in both genders [6] .
USG and TFT Cross-Sectional Analysis
In 
Conclusions
In this study, the thyroid gland of the euthyroid subjects has mean ± SD (p < 0.001) of LLV and RLV as 2.12 ± 1.07 mL, 2.61 ± 1.40 mL, respectively. RLV with higher value has significant positive linear correlation with LLV (r = 0.727, p < 0.001). TGV increases and then decreases with aging having larger value for adults than that for children and elderly. LLV of both genders is almost same, but RLV and TGV of males are larger than that of females. In the age groups including periods of menarche (11 -20 years) and menopause (41 -50 years) of females, the size of their thyroid gland is larger than that of males. TGV is maximum in the age group of 31 -40 years for males and it is maximum in the age group of 41 -50 years for females.
The TFT values of the hospital based euthyroid subjects have mean ± SD (p < 
